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Claim 1 recites a method of forming a crystalline film, comprising "forming a thin 
film having a surface on a substrate," and "crystallizing at least a surface layer of the thin film 
bv selectively applying energy to the surface of the thin film , such that at least the surface 
layer of the thin film is melted and crystallized under a hydrogen-containing atmosphere" 
(emphasis added). 

As admitted in the Office Action, Zhang fails to teach "crystallizing at least a surface 
layer of the thin film bv selectively applying energy to the surface of the thin film, such that 
at least the surface layer of the thin film is melted and crystallized under a hydrogen- 
containing atmosphere' 1 (emphasis added), as claimed. The object of Zhang is to crystallize 
an amorphous silicon film by the use of a lower energy source. As explained in the 
Amendment filed on January 31, 2000, Zhang applies energy in the same manner to the 
substrate, metallic material and amorphous silicon during the annealing. Zhang does not 
apply energy selectively to any surface of the amorphous silicon. Zhang also does not does 
not teach or suggest that at least a surface layer of the amorphous silicon film is melted 
during the annealing. Furthermore, Zhang does not teach or suggest that any melting of at 
least a surface layer of the amorphous silicon film would be desirable for any reason. 

However, the Office Action asserts "selectively applying energy is a well known 
process," and that Nakamura discloses selective energizing through a window. However, 
Nakamura does not establish any motivation to modify the Zhang process to achieve the 
claimed invention. It is well established that there must be motivation to modify the Zhang 
process to achieve the claimed invention. In re Geiger , 2 USPQ 1276 (Fed. Cir. 1987). 
However, neither Zhang nor Nakamura provides the necessary motivation to modify the 
Zhang process to achieve the claimed invention. 
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Zhang teaches forming crystalline silicon films by forming various structures of one 
or more elements on or under an amorphous silicon film, and then annealing the entire 
structure at a temperature lower than the crystallization temperature. See, for example, col. 4, 
lines 27-41 of Zhang. Zhang teaches an annealing temperature in the range of 450 to 550°C, 
and below 600°C at which solid-phase growth progresses. In general, the first peak 
temperature of elimination of hydrogen is about 380°C and the second peak temperature is 
about 460°C. Although elimination of hydrogen starts at the temperature in the Zhang 
process, the hydrogen is not totally eliminated. Thus, the hydrogen-containing atmosphere is 
different from the claimed invention. 

Zhang's annealing process to crystallize the silicon film does not selectively heat a 
surface of a thin film, as in the claimed invention. 

Furthermore, Zhang's annealing also does not melt and crystallize at least the surface 
layer of any thin film, as in the claimed invention. In fact, Zhang teaches away from 
annealing at a temperature sufficient to cause such melting, because such a temperature 
would exceed the crystallization temperature. Zhang expressly teaches that the crystallization 
temperature should not be exceeded. 

Rather, in Zhang, the amorphous silicon is crystallized by the action of the metal at a 
low temperature. Zhang does not teach or suggest that this crystallization could alternatively 
be performed by selectively applying energy to the surface of the amorphous silicon so as to 
cause at least a surface layer of the amorphous silicon to melt. 

Nakamura crystallizes amorphous silicon using an XeCl excimer laser in a hydrogen 
or hydrogen plasma atmosphere. See col. 4, line 33 to col. 5, line 35 of Nakamura. 
Nakamura does not teach or suggest that a surface layer of the polycrystalline silicon is 
melted during the crystallization process. 



-3- 



Application No. 09/930,449 

Moreover, Zhang and Nakamura's teachings are not properly combinable. As stated, 
Zhang and Nakamura use different energy sources for different distinct purposes. Nakamura 
provides no teaching, suggestion or motivation to somehow modify the Zhang process to 
selectively apply energy to the surface of the Zhang amorphous silicon using the Nakamura 
energy source such that at least a surface layer of the silicon is melted and crystallized. This 
modification would have gone directly against the teachings of Zhang. Furthermore, there is 
no teaching or suggestion in either Zhang or Nakamura that such modification would achieve 
the results desired in Zhang, which utilizes a catalyst to cause the crystallization of the 
amorphous silicon. In fact, such modification would appear to destroy teachings of Zhang. 

Thus, claim 1 would not have been rendered obvious by Zhang and Nakamura. 
Claims 2 and 5-11 depend from claim 1 and accordingly are also allowable for at least the 
same reasons stated for claim 1 . 

Claim 12 is directed to a method of forming a crystalline film, comprising "forming a 
semiconductor thin film having a surface on a substrate," and "crystallizing at least the 
surface layer of the semiconductor thin film by selectively applying energy to the surface of 
the semiconductor thin film , such that at least the surface layer of the semiconductor thin film 
is melted and crystallized under an atmosphere containing a gas containing the component 
element of the semiconductor thin film" (emphasis added). Claim 12 is also not rendered 
obvious by Zhang and Nakamura for the reasons stated above. Claims 13-18 depend from 
claim 12 and accordingly are also allowable. 

Claim 20 is directed to a method of forming a crystalline film, comprising 
"crystallizing at least a surface layer of the thin film by selectively supplying high energy to 
the thin film ," wherein "the high energy is supplied to the thin film with the introduction 
window disposed at a location resistant to adherence of components of the thin film when the 
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high energy is supplied to the thin film " (emphasis added). Neither Zhang nor Nakamura 
teaches or suggests the recited method. As stated above, Zhang and Nakamura fail to teach or 
suggest modifying the Zhang process such that it comprises "crystallizing at least a surface 
layer of the thin film by selectively supplying high energy to the thin film," (emphasis added) 
as recited in claim 20. 

The Office Action asserts that Nakamura's Fig. 6 "places its window (#52) as far away as 
possible from the surface to be treated (#53 or #52) thereby there is no adherence or very 
minimal adherence of the components of the thin film when the high energy is supplied to the 
thin film." However, Nakamura itself does not support this assertion. As explained in the 
January 3 1 Amendment, Nakamura is silent regarding the position of the window 52 through 
which laser light is passed onto amorphous silicon 53. Nowhere does Nakamura teach or suggest 
that the window is as far away as possible from the surface to be treated, as asserted in the Office 
Action. Although the window is located at the top side of the apparatus in Fig. 6 of Nakamura, 
this alone does not establish that the window 52 is sufficiently separated from the amorphous 
silicon 53 "such that the introduction window disposed at a location resistant to adherence of 
components of the thin film when the high energy is supplied to the thin film," as recited in 
claim 20. As stated, Nakamura is completely silent regarding any specific spacing of the 
window and amorphous silicon, or even that this is even a concern of Nakamura. 

In contrast, the present specification explains that the introduction window needs to be 
sufficiently separated from the object material to be crystallized, as compared to the 
scattering range of the object material, so that the components of the object material hardly 
adhere to the introduction window. Nowhere does Nakamura disclose that the amorphous 
silicon 53 should be sufficiently separated from the window 52, as compared to the scattering 
range of components of the amorphous silicon, such that such components hardly adhere to 
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the window. The Office Action states no reason why this result would inherently occur in 
Nakamura. 

Thus, Zhang and Nakamura would not have rendered obvious the method of claim 20. 
Claims 21-23 depend from claim 20 and accordingly are also allowable. 

Independent claim 25 is directed to a method of forming a crystalline film. The 
claimed method comprises "crystallizing at least a surface layer of the thin film by supplying 
high energy to the thin film," wherein " the high energy is supplied to the thin film with a 
distance between the introduction window and the thin film larger than a shortest distance 
between the wall and the thin film " (emphasis added). Neither Zhang nor Nakamura teaches 
or suggests the method of claim 25. 

As stated above, neither Zhang nor Nakamura teaches or suggests the claimed step of 
crystallizing. These references also fail to describe or even suggest that "the high energy is 
supplied to the thin film with a distance between the introduction window and the thin film 
larger than a shortest distance between the wall and the thin film," as recited in claim 25. As 
stated in the January 31 Amendment, Nakamura does not teach or suggest this feature. In 
fact, in Fig. 6 of Nakamura, the distance between the window and the silicon 53 appears to be 
smaller than a shortest distance between the wall and the silicon. 

The Office Action provides no motivation to modify the Zhang apparatus such that 
"the high energy is supplied to the thin film with a distance between the introduction window 
and the thin film larger than a shortest distance between the wall and the thin film," as 
claimed. This claimed feature also contributes to reducing or preventing the adherence of 
components of the thin film on the introduction window when the high energy is (selectively) 
applied to the thin film. 
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Thus, for the foregoing reasons, Zhang and Nakamura would not have rendered 
obvious claim 25. Claims 26-28 depend from claim 25 and accordingly are also allowable. 

Independent claim 30 recites a method of forming a crystalline film, comprising 
"crystallizing at least the surface layer of the thin film by selectively supplying high energy to 
the thin film, 1 ' wherein "the high energy is supplied to the thin film under a pressure in a 
vicinity of the introduction window that is higher than a pressure in the vicinity of the thin 
film in the supply chamber." Neither Zhang nor Nakamura teaches or suggests the claimed 
method. 

As stated in the January 3 1 Amendment, Nakamura teaches no specific relationships 
between the pressures in the vicinity of the window 52 and in the vicinity of the silicon 53. 
Thus, Nakamura does not specifically teach that the pressure in the vicinity of the window 52 
is higher than in the vicinity of the silicon 53. 

Therefore, Zhang and Nakamura would not have rendered obvious claim 30. Claims 
31-33 depend from claim 30 and accordingly are also allowable. 

Independent claim 35 also would not have been rendered obvious by Zhang or 
Nakamura for at least the same reasons as claim 30. Claims 36-38 depend from claim 35 and 
accordingly are also allowable. 

Independent claim 40 is directed to a method of forming a crystalline film. In the 
claimed method, "the thin film is irradiated with the high energy introduced into the supply 
chamber through the introduction window along a irradiation path in the supply chamber," "a 
part of the high energy enters the thin film, and another part of the high energy is reflected 
from the thin film along a reflection path in the supply chamber," " a gas flow is present in the 
supply chamber,' 1 and "the high energy is supplied to the thin film with (i) the gas flow from 
the introduction window to the thin film in approximately the same direction as the 
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irradiation path, and (ii) the gas flow from the thin film in approximately the same direction 
as the reflection path " (emphasis added). Neither Zhang nor Nakamura teaches or suggests 
the method of claim 40. 

As explained in the January 31 Amendment, in the Nakamura device shown in Fig. 6, 
the gas is introduced into the chamber 5 1 through the inlet 60 in a direction that is 
perpendicular to the path of the laser beam. Nakamura also does not teach a "gas flow from 
the thin film in approximately the same direction as the reflection path," as claimed. 

The Examiner is respectfully requested to identify any specific teaching in Nakamura 
that supports the assertion that Nakamura teaches or suggests a "gas flow from the thin film 
in approximately the same direction as the reflection path," as claimed. In the absence of 
such teaching or suggestion in Nakamura, the applied references fail to support the rejection 
for at least this reason. 

For the foregoing reasons, claim 40 would not have been rendered obvious by the 
applied references. Claims 41-43 depend from claim 40 and accordingly are also allowable. 

Therefore, Applicants respectfully request that this rejection be withdrawn. 

2. The Office Action rejects claims 46-49 under 35 U.S.C. § 103(a) over Zhang et al. 
(U.S. Patent No. 5,403,772) in view of Nakamura (U.S. Patent No. 5,200,630) and JP 58-90722 
( M JP 722"). Applicants respectfully traverse this rejection. 

Claim 46 is directed to a method of forming a crystalline film in which "the thin film 
is irradiated with the high energy introduced into the supply chamber through the introduction 
window along a irradiation path assumed in the supply chamber," and " the high energy is 
supplied to the thin film with the normal direction of the thin film shifted by an angle from 
the direction of the irradiation path ." An embodiment of the claimed invention is shown in 
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Fig. 4, in which the irradiation path is shifted by an angle from the normal line to the thin 
film. The applied references fail to teach or suggest the method of claim 46. 

As explained in paragraph bridging pages 23 and 24 of the present specification, the 
claimed invention permits an increase in the distance between the introduction window and 
the material to which high energy is supplied. Also, in the embodiment shown in Fig. 4, for 
example, the evaporated materials and scattered fine powder are effectively discharged 
through the exhaust port, which is closer to the material than the introduction window. 

The Office Action admits that Zhang and Nakamura fail to teach or suggest that "high 
energy is supplied to the thin film with the normal direction of the thin film shifted by an 
angle from the direction of the irradiation path," as claimed. However, the Office Action 
asserts that JP '722 teaches this feature and that it would have been obvious to person having 
ordinary skill in the art to have combined the teachings of Zhang, Nakamura and JP 722. 

Applicants respectfully submit that JP 722 provides no motivation to modify the 
apparatus of Nakamura such that "high energy is supplied to the thin film with the normal 
direction of the thin film shifted by an angle from the direction of the irradiation path." JP 
722 shows in Fig. 2 energy being directed onto polycrystalline silicon 3. Single crystal 
regions 3 1 are formed. For example, in Nakamura, the exhaust opening 61 is disposed on a 
wall of the apparatus opposite to the wall at which the window is located. Thus, shifting the 
normal direction of the amorphous silicon 53 by an angle from the direction of the irradiation 
path of the light emitted by the laser 59 would not appear to enhance the discharge of any 
evaporated materials and scattered fine powder through the exhaust opening 61. That is, this 
modification of the Nakamura apparatus would not appear to affect the distance between the 
amorphous silicon and the exhaust port. 
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The Office Action asserts that this modification of Nakamura's apparatus according to 
the teachings of JP 722 would "more evenly and quickly irradiate the thin films. " However, 
the Office Action provides no basis for this assertion. 

Thus, the applied references would not have rendered obvious claim 46. Claims 47- 
49 depend from claim 46 and accordingly are also allowable. 

Thus, this rejection is overcome and Applicants respectfully request that the rejection be 



previous office action." However, claims 50-55 were withdrawn from consideration in the Office 
Action mailed November 17, 1999, and were not rejected. The Examiner is respectfully 
requested to clarify the status of claims 50-55 in the next Patent Office communication. 

4. The Office Action rejects claims 56-62 under 35 U.S.C. § 103(a) over Zhang et al. 
(U.S. Patent No. 5,403,772) in view of Nakamura (U.S. Patent No. 5,200,630) and JP 163406 
("JP '406"). Applicants respectfully traverse this rejection. 

The Office Action admits that Zhang and Nakamura do not teach the claimed feature that 
"when a first position of the thin film is irradiated with the high energy introduced into the 
supply chamber, part of the high energy enters the thin film" and "another part of the high 
energy is reflected by the thin film to form reflected energy that irradiates a second position 
of the thin film through a course change of the reflected energy." 

JP '406 fails to cure the omissions of Zhang and Nakamura with respect to claim 56. The 
Office Action asserts that JP '406 shows "a part of the high energy is reflected by the thin film to 
form reflected energy that irradiates a second portion of the thin film" in Figs. 4, 6 and 8. 
Applicants disagree. As understood, Figs. 4, 6 and 8 do not show a thin film that reflects energy 
such that a reflected part of the high energy irradiates a second portion of the thin film. That, is 



withdrawn. 



3. 



The Office Action rejects claims 50-55 "for the same reasons stated in the 
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the figures do not show the same thin film being irradiated with two separate high energy beams, 
one beam being a high energy beam that has previously been reflected by the thin film . 

Thus, claim 56 is believed to be allowable. Claims 57-61 are also allowable for at least 
the same reasons as claim 56. 

Claim 62 is directed to a method of manufacturing a thin film electronic device 
comprising a crystalline film formed by the method of claim 1. Accordingly, claim 62 also 
would not have been rendered obvious by the applied references for at least the reasons stated 
above for claim 1 . 

Therefore, Applicants respectfully request that this rejection be withdrawn. 

For the foregoing reasons, withdrawal of the rejections and allowance of the pending 
claims are respectfully requested. 

Should the Examiner believe anything further is desirable to place the application in even 
better condition for allowance, the Examiner is invited to contact Applicants* undersigned 
attorney at the telephone number listed below. 



JAO:EAB/ldg 

Filed: October 10, 2000 

OLIFF & BERRIDGE, PLC 
P.O. Box 19928 
Alexandria, Virginia 22320 
Telephone: (703) 836-6400 




James A. Oliff 
Registration No. 27,075 



Edward A. Brown 
Registration No. 35,033 



-11- 



